with an embryotrophic effect due to expression of GnRH by Vero cells.
INTRODUCTION
Preimplantation embryo development in vitro is apparently characterized by a retarded growth rate and decreased embryo viability compared with in vivo development. In an attempt to overcome developmental arrest of early embryos cultured in media alone, various coculture systems have been developed including Vero cells (epithelial cell line derived from Green monkey kidney) (1), human tubular cells (2) , uterine fibroblasts (3), granulosa cells (4) , and human endometrial epithelium (5) .
In most cases, these studies have demonstrated beneficial effects of the various cellular monolayers on the development of mammalian embryos compared to embryos cultured in media alone. The mechanism of action by which cell monolayers enhance blastocyst formation could be by removing toxins from the culture medium or by secreting an embryotrophic substance (1) . Some studies have demonstrated the extraction of different growth factors, such as low molecular weight peptide (6) , leukemia inhibitory factor (7) , and insulin-like growth factor-binding protein (8) from Vero cell monolayers. In addition, we have demonstrated previously that embryos cocultured with Vero cells display enhanced development in vitro and this could be due to an interaction between the embryo and the cellular layer mediated by paracrine cytokines (IL-1β) (9, 10) .
A possible role for gonadotropin-releasing hormone (GnRH) in preimplantation embryonic development, endometrial preparation, and implantation has been suggested. Recently, we have shown that both GnRH and its receptor are expressed at the mRNA and protein level in vivo by human endometrium throughout the entire menstrual cycle (11, 12) . Moreover, we have also demonstrated that preimplantation embryos (mouse and human) also express this hormone and its receptor, suggesting that GnRH may play a role in the embryonic/endometrial dialogue during early implantation (13, 14) . Thus, we hypothesized that Vero cell monolayers used in embryo coculture may provide an environment similar to the endometrial lining and their embryotrophic effect may be due to paracrine regulation of GnRH by the cocultured cells. Therefore, in the absence of embryos, we assessed GnRH and its receptor mRNA and protein expression in Vero cell monolayer cultures. We also examined whether IL-1, known to be expressed by human and mouse embryos (9, (15) (16) (17) , could regulate steady-state GnRH mRNA level expression in Vero cells using modified quantitative, competitive polymerase chain reaction (QC PCR) with standard curve methodology.
MATERIALS AND METHODS

Preparation of Vero Cell Monolayers
Vero cells were obtained from the American Type Culture Collection, Rockville, MD. Viable Vero cells (1 × 10 5 /well) were cultured in multiple-well tissue culture plates containing DMEM with 5% fetal bovine serum prior to the introduction of embryos and/or in four-well chamber slides (Falcon; Becton Dickinson, Lincoln Park, NJ) for immunohistochemical studies as described previously (10) . Conditioned media were collected prior to the addition of cytokines for measurement of endogenously 
Dose-Dependent Study of Recombinant Human IL-1β
To investigate the regulatory effect of IL-1β, confluent Vero cells were cultured with serum-free medium in the presence of recombinant human IL-1β (rIL-1β) (1 × 10 5 IU/µg; Genzyme, Cambridge, MA) in a dosedependent study using 0-100 IU/ml of IL-1β for a further 24 hr.
RNA Analysis
Total mRNA was extracted directly from culture plates containing Vero cell monolayers prior to introducing embryos or after IL-1β stimulation using the guanidinium isothiocyanate method (RNAzol method; Tel-test, Inc., Friendswood, TX). The concentrations of RNA were diluted to 1 µg/µl for RT-PCR. The experiment was repeated three times, with similar results.
Primers for Reverse Transcription (RT) and PCR
Sequences of human cDNA clones for the mRNAs to be detected in Vero cells for β-actin (18) , GnRH (19) , and GnRH receptor (20) were obtained from the GenBank Database of the National Center for Biotechnology Information (NCBI), NIH. The primer sequences, locations on the cDNA, and sizes of the amplified fragments are listed in Table I . β-Actin mRNA expression was employed as an external positive control, being detected in all samples studied, thus assuming the integrity of the RNA and the RT-PCR process.
RT-PCR for GnRH
For RT-PCR, the GenAmp RNA PCR kit (PerkinElmer, Foster City, CA) was used as previously established methodology (10) . Briefly, reactions were started with 1 µg of total RNA extracted from Vero cells in a total volume of 20 µl of RT master mix and the RT reaction was carried out in a DNA Thermal Cycler 480 (Perkin-Elmer GeneAmp; PCR Instrument System, Branchburg, NJ) using a program with one 15-min RT cycle at 42
• C, followed by 5 min at 99
• C, then quenching at 4
• C. Products were stored at −20
• C until the subsequent PCR. Aliquots of the RT products were subjected to PCR in the PCR master mix containing AmpliTaq DNA polymerase and corresponding paired primers to a total volume of 100 µl. PCR was performed simultaneously from a single master mix in the different tubes with each primer. PCR cycles were composed of 1 cycle at 99
• C for 5 min to denature all proteins, then 30 cycles of 45 sec at 94
• C, 45 sec at 55
• C, and 60 sec at 72
• C. The reaction was terminated at 72
• C for 5 min and quenched at 4
• C.
Nested PCR for the GnRH Receptor
For the purpose of detecting Vero cell GnRH receptor mRNA expression, which is lower than GnRH mRNA expression, two rounds of nested PCR with corresponding pairs of primers for GnRH receptor were employed (9, 12) . Program parameters were identical to those of PCR for GnRH expression. After the second round of PCR was completed, samples were stored at −20
• C until agarose gel electrophoresis was carried out.
Agarose Gel Electrophoresis
Agarose gel (2%; Gibco-BRL, Grand Island, NY) electrophoresis was carried out and gels were stained with ethidium bromide (Sigma Chemical Co., St. Louis, MO). Aliquots (25 µl) of each PCR product and dye buffer were analyzed in parallel with a 100-base pair (bp) DNA ladder (Gibco-BRL) as a standard. After completion of electrophoresis, the gel blot was analyzed and photocopies of the blot were printed on a UV-densitometer (Gel-Doc 1000 system; Bio-Rad Laboratories, Hercules, CA).
Construction of Competitive and Target cDNA Fragments for the Standard Curve and QC PCR for GnRH
For the purpose of determining the steady-state level of GnRH mRNA, competitive and native cDNA fragments were constructed for QC PCR using established methodology with modification as described previously (12, 21) . In summary, the target (native) cDNA (399 bp) was constructed from known human endometrial sequences. A competitive cDNA fragment was constructed by deletion of a 191-bp fragment from the GnRH target cDNA to be detected. The deleted cDNA fragment was synthesized from 1 µg human endometrial RNA amplified with the 5 -end original primer and 3 -end competitive primer and was purified from 2% agarose gel with an agarose gel DNA extraction kit (Boehringer-Mannheim, Germany).
The standard curve is produced with different known amounts of standard (native) cDNA amplified with a constant known amount of competitor cDNA. This methodology allows us to quantify each sample directly by comparison to a standard curve. To determine the quantitative Vero cell GnRH mRNA expression as a function of the IL-1β concentration, we coamplified the PCR products for 30 cycles in the presence of defined amounts of internal standard cDNA for GnRH.
Immunohistochemical Analysis
To determine the presence of GnRH at the protein level in Vero cell monolayer cultures, cells were fixed in chamber slides for immunohistochemical staining with the avidin-biotin alkaline phosphatase technique. Cells were incubated for 90 min at 37
• C with rabbit anti-[Lys8] GnRH as the first antibody. After a PBS-T wash, cells were incubated with a secondary antibody, biotinylated anti-rabbit IgG (dilution, 1/800; Sigma Chemical Co.), in humidity chambers for 90 min at room temperature. Immunohistochemical negative controls were incubated with PBS containing 2% goat serum without primary antibody. Human luteal-phase endometrium was used as a positive control. To amplify the signal, cells were washed with PBS-T, and then the avidin-biotin alkaline phosphatase staining method (Vector Laboratories, Inc., Burlingame, CA) was used. Endogenous alkaline phosphatase activity was inhibited by the addition of levamisole to the buffer used to prepare the substrate solution. Finally, slides were counterstained with 25% hematoxylin, cleared, coverslipped, and examined by a Nikon DX-DB2 camera and a Nikon microphot-FXA microscope under 100-400 × magnification. A red precipitate indicated positive staining by the primary antibody.
Data Analysis
Student's t test was used for statistical analysis between groups. P < 0.05 was accepted as indicating statistical significance.
RESULTS
Expression Pattern of GnRH and Its Receptor mRNA in a Vero Cell Monolayer
GnRH and GnRH receptor mRNA in Vero cells were amplified by PCR (Fig. 1) . Figure 1A shows a sequence of 399 bp of GnRH mRNA amplified from Vero cell cultures. Human luteal endometrium and Fig. 1. (A) A representative blot of products of PCR amplification for Vero cell GnRH (V). Human luteal endometrium (ME, LE) and placenta (P) were used as positive controls. N, negative control without RNA; ME, human midluteal endometrium; LE, human late luteal endometrium. (B) The products of nested PCR for Vero cell GnRH receptor. L, 100-bp DNA ladder. placenta RNA were amplified as positive controls. Conditioned medium from Vero cell cultures was amplified as a negative control. Figure 1B shows a 231-bp band corresponding to GnRH receptor mRNA transcription after two rounds of nested PCR.
Quantitative Analysis of the Vero Cell GnRH mRNA Level Regulated by IL-1β
To examine the quantitative amount of GnRH mRNA expression in Vero cells with different concentrations of IL-1β, we coamplified the PCR products for 30 cycles in the presence of defined amounts of internal standard cDNA for GnRH. Figure 2A shows the standard curve obtained for GnRH mRNA by plotting the logarithmically transformed ratios of the densities of target cDNA to competitive cDNA against the log amount of initially added target cDNA in each PCR. In Fig. 2B , the quantitative PCR of the Vero cell samples showed a progressive increase in mRNA levels with increasing concentrations of IL-1β (0-100 IU/ml) (P < 0.05). Figure 3 shows that immunoreactive GnRH at the protein level is present with intense staining in Vero cell monolayers. Human luteal endometrium was used as a positive control and deletion of the primary antibody in Vero cell was used as a negative control.
Immunohistochemistry
DISCUSSION
It has been suggested that the embryotrophic effects of cell monolayers cocultured with human embryos result from possible paracrine interactions between the embryo and the coculture monolayer, which mimics the interaction between the embryo and the endometrial epithelium just prior to in vivo implantation. To investigate this possibility we examined Vero cell monolayers, which are used in coculture with human embryos prior to IVF and are known to have an embryotrophic effect on human (1) and on mouse (9, 22) embryos. Recent information has also implicated the paracrine cytokines in the implantation process and the IL-1 system is a major candidate for these molecular regulators (23). We have previously described the presence of IL-1R tI mRNA and protein in cultured Verocells (10) , suggesting that receptorligand interaction between the embryo and the epithelial cells layer could occur.
To the best of our knowledge, we have shown for the first time that both GnRH and its receptor are expressed at the mRNA level in Vero cells. We have hypothesized previously that GnRH may play a role in the embryonic/endometrial dialogue during early implantation (12) (13) (14) . To examine this hypothesis further, we assessed GnRH and GnRH receptor mRNA as well as GnRH protein expression in Vero cells as models of cell-to-cell interaction. We therefore examined the effect of IL-1β on the steady-state level of GnRH mRNA expression in cultured Vero cells, demonstrating that IL-1β plays a regulatory effect, increasing GnRH expression. GnRH is the hypothalamic hormone controlling secretion of both FSH and LH from the anterior pituitary (24) . It is also one of the paracrine/autocrine regulators of human trophoblast hCG secretion during early pregnancy (25) . The role of GnRH in controlling placental hCG production and secretion has been fully demonstrated both in vitro (26) and in vivo (27) , especially in first-trimester placenta. An increasing body of evidence indicates that, in addition to the central action, a variety of human tissues expresses extrahypothalamic GnRH that is immunologically, biologically, and chemically identical to the hypothalamic hormone (28) . Recent studies have demonstrated the expression of mRNA for the human GnRH receptor in several extrapituitary organs such as the placenta, myometrium, breast, prostate, and ovary (29) (30) (31) (32) (33) . In the present study, extrahypothalamic GnRH alsoplays a role in the coculture system as well as the preimplantation embryonic development and implantation process.
The use of reverse transcription polymerase chain reaction (RT-PCR) with internal RNA competitive standards (competitors) provides a means for measuring absolute amounts of mRNA transcripts in small numbers of cells as shown in our earlier reports (10, 12, 34) . This methodology requires analysis of multiple reactions to determine the equimolar point of the products produced from mRNA versus competitor RNA. In the present study, we present a methodology modified from an earlier study (35) to produce one standard curve for each assay, with all unknown samples compared directly to this standard curve. The logarithmically transformed ratios of target cDNA to competitive cDNA were plotted against the known log amount of initially added target cDNA in each PCR reaction to obtain the standard curve. The number of transcripts in an unknown sample mRNA can be directly determined by RT-PCR of the sample with the same amount of competitor RNA and comparison of the ratio of products to the standard curve. Thus, Vero cell GnRH mRNA expression is increased with increasing concentrations of IL-1 agonist.
In summary, the purpose of this study was to document the presence of GnRH and its receptor in Vero cell monolayers used in embryo coculture and to examine the ability of IL-1β to regulate GnRH expression. Based on these findings, we hypothesize that the embryo may communicate with and influence the Vero cell monolayer through the IL-1 system, suggesting that the IL-1 system may play a paracrine role in embryonic development and communication during the implantation process.
